Introduction
Studies of the magnetic behaviour of polymetallic cluster compounds have increased greatly in recent years because such species are the gateway for discovering fascinating new physics. 1 The emergence of Molecular Nanomagnets in proposed applications as diverse as information storage, molecular spintronics, quantum computation and magnetic refrigeration 2 has seen synthetic chemists, physicists, theoreticians and materials scientists working to create, understand and design molecules with specific properties. One successful strategy for obtaining such clusters is self-assembly using flexible bridging ligands, 3 and a class of ligands that have seen a huge resurgence recently in this respect are oximes. 4 Phenolic oximes, with the generic structure shown in Figure. 1, have existed for decades with uses not only academically, but as industrial metal extractants and anti-corrosive agents in protective coatings. 4 Some time ago we initiated a somewhat alternative approach to making Mn III cluster compounds -a project involving the use of derivatised salicyaldoximes in which we used the deliberate targeted structural distortion of pre-made/known SMMs as a means of enhancing SMM properties. 5 After the serendipitous discovery of both ferromagnetic (S=6) and antiferromagnetic (S=2) oxime-based [Mn
III
3 O] triangles 6 we speculated that the exchange between the metals in some such systems could be controlled by the degree of twisting of the Mn-N-O-Mn moiety. 7 We decided that the way to address this question was to derivatise the oximate carbon atom with alkyl or aryl groups (R, Figure. 1), i.e. make Me-saoH 2 , Et-saoH 2 and Ph-saoH 2 and analogues thereof on the assumption that additional steric bulk would make a planar Mn-N-O-Mn moiety "impossible". In order to test our idea, we decided to remake analogues of the [Mn III 6 O 2 (sao) 6 (O 2 CR') 2 (solvent) 4 ] family of SMMs 8 replacing the 'planar' sao 2- ligand with the 'nonplanar' R-sao 2-ligands. 6,7 We chose to examine the family of hexanuclear species rather than the trinuclear species because the former class of complexes promised to afford molecules with S=12 ground states and large axial zero-field splitting parameters. An advantage for this approach is the weak exchange between the MnIII centres in this class of SMMs, which is typically only a few wavenumbers (<1-2 cm-1) in magnitude,9 meaning that the switching of an antiferromagnetic exchange to a ferromagnetic exchange interaction should be easier to achieve -since only minor structural modifications can lead to major changes in J.10 Figure 1 . Structure of the phenolic oximes R-saoH 2 (R = H, saoH 2 ; Me, Me-saoH 2 ; Et, Et-saoH 2 etc).
Our appoach was successful 11 with the discovery that the clusters [Mn 6 O 2 (Et-sao) 6 (O 2 CPh) 2 (EtOH) 4 6 ] both possessed S=12 ground states, the latter molecule displaying an energy barrier to magnetisation reversal of ~86 K. 6, 7 Understanding, in detail, the relationship between the structure of a cluster and its magnetic properties is non-trivial (especially quantitatively) since it depends on the combination of a number of factors, but an initial study of a total of twelve members of this family suggested that the dominant factor determining the sign and strength of the exchange was the relative twisting of the Mn-O-N-Mn moiety. 11 In order to expand and enhance our previous magneto-structural correlations, we have now extended the family to twenty four members and below describe their structures and magnetic behaviour, which is summarised in Tables 1 and 2 (at the end of this document) with 1-24 being listed in order of increasing ground spin state S.
Results and Discussion
The synthesis of the clusters is straightforward: [4] [5] [6] ] (R = H, Me, Et; X = carboxylate or halide; sol = MeOH, EtOH H 2 O) in excellent yields in 2-3 days. † All twenty four complexes display very similar molecular structures; interatomic distances and angles relevant to the discussion herein are shown in Table 1 . All molecules possess an inversion centre, besides complex 9 which lacks any molecular symmetry. They can be described ( Figures. 2-3 
Magnetic studies
Dc magnetic susceptibility studies were carried out on crystalline samples of 1-24 in the 5 -300 K temperature range in a field of 0.1 T. 6, 7 The magnetic susceptibility data obtained from each member were simulated using the MAGPACK 13 program employing the Hamiltonians in (1)-(3) (Scheme 1) to provide the isotropic parameters S, J and g summarised in Table 2 . Figure. 4 shows the χ M T vs. T data and, where possible, their associated simulations (solid lines). It is clear from Table 2 that for several complexes the experimental data do not allow for an undoubted determination of the ground spin state since there are many S states that are essentially degenerate; for example, see complexes 7, 10, 11, 12 and 13. However, we enter the values from the simulations for completeness. The magnetic susceptibility curves obtained illustrate how, despite their structural similarities, complexes 1-24 show dramatically different magnetic behaviour.
(
Scheme 1. Schematic detailing the 1, 2-and 3-J models employed to simulate the experimental data.
← Figure 4. Plots of χ M T vs. T for complexes 1-24.
The solid lines represent simulations of the experimental data in the temperature range 300 -5 K. For parameters see Table 2 . Despite attempts to use the 1-J and 2-J models of Scheme 1, the data obtained for complex 1 could only be simulated with the 3-J model described by Eqn. (3), giving S = 4, J 1 = 1.25, J 2 = -4.6, J 3 = -1.8 cm -1 and g = 1.99. A 2-J model (Eqn. (2)) was employed to simulate the experimental data obtained from complex 2 to yield the parameters S = 4,
01. Despite much effort we were unable to successfully simulate the data for complexes 3-6. (2) suggests ground spin states of S = 5±1 (7) and S = 5 (8) ( Table 2 ): a 2 -J model was employed for complexes 9-13 affording S = 6, g = 2.01, J 1 = 1.39 and J 2 = -1.92 cm -1 (9) 9 Many, indeed probably all, members of this large family exhibit non-isolated spin ground states, 11, 14 the "nesting" of excited states on the ground state being a direct result of the weak magnetic coupling -resulting in the breakdown of the so-called "giant spin" model. 14 With this in mind and within the confines of our simplistic model, variable field and temperature dc magnetisation data were collected in the 0.5-7 T and 2-7 K field and temperature ranges. In each case we attempted to fit the data with an axial ZFS plus Zeeman Hamiltonian (4) by a method described recently by Piligkos in the whole field and temperature range,
where D is the axial anisotropy, μ B is the Bohr magneton, Ŝ z is the easy-axis spin operator, and H is the applied field. The results are summarised in Table 2 with representative plots given in Figure. Table 2 .
Each member of this family possesses a non-zero spin ground state (4 ≤ S ≥ 12) with sizeable zfs, both of which are prerequisites for single-molecule magnetism behaviour. In order to investigate this in more detail, ac magnetic susceptibility measurements were carried out on crystalline samples of 1-24 in the 2 -10 K temperature range in a 3.5 G ac field oscillating at frequencies ranging from 50 to 1000 Hz. Fully Figure. 7 and Table 2 and span barrier heights of between ~24-86 K. 
High Frequency Electron Paramagnetic Resonance Studies
High frequency EPR measurements were performed on single crystals of complex 2 (S = 4) and 15 (S = 12) to verify the ground state spin value and the zero field splitting (ZFS) parameters. Details of the experimental technique can be found elsewhere. 18, 19 Figure. Several resonances are again observed, most of which can be assigned to fine -structure transitions within an S = 4 ground state, i.e. m S = -4 → -3, -3 → -2, etc. However, attempts to fit the entire spectrum using a single-spin description were not entirely satisfactory. Nevertheless, through combined multi -frequency and temperature dependent measurements, we were able to ascertain that some of the peaks correspond to transitions within low-lying excited spin multiplets (labeled ES in the inset to Figure. The use of a giant spin description to fit the EPR spectra allows for direct comparisons with magnetic measurements. In particular, one can estimate the magnetisation reversal barriers for both complexes:
29.2 K for the low spin system (2) and 75 K for the high spin system (15), i.e. an increase by a factor of 2.56, which is in good agreement with the AC susceptibility measurements (an increase of 2.70).
21,22

Discussion
Understanding the relationship between structure and magnetic behaviour in polymetallic cluster compounds is an extremely difficult task, and increasingly so as the nuclearity increases, since one must consider all contributions to the exchange, including, for example, the innocence or non -innocence of (terminal) co-ligands. 23 For the [Mn 6 ] family this means we must consider the combination of four different ligand types (oxime, phenoxide, oxide and carboxylate), their relative positions, the bond lengths and angles associated with each; and at least four different exchange interactions. A comprehensive quantitative analysis is thus rather difficult to achieve and will require theoretical input.
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In earlier work we suggested that while clearly all magnetic pathways must play some role in determining the size and magnitude of the Mn … Mn exchange, the dominant factor was the twisting of the family. Note: As necessary due the confines of this study, the mean average torsion angles were used to construct this qualitative plot.
Mn-O-N-Mn moiety as induced by the distortion imposed on the molecule by bulkier oximes (R -sao 2-).
In summary, an examination of Tables 1 and 2 suggests no obvious correlation between J and any of (a)- even if they are oxime-based, should thus bear this caveat in mind. In our opinion it is unwise to assume that the same "twisting" rules we introduced to exploit and explain the behaviour of 1-24 can applied to molecules that, despite some obvious similarities, clearly have different strutural archit ectures.
Conclusions
We have synthesised and characterised twenty four members of a hexametallic 
Experimental
All manipulations were performed under aerobic conditions, using materials as received. CAUTION! Although no problems were encountered in this work, care should be taken when using the potentially explosive perchlorate anion.
The syntheses, structures and magnetic properties of complexes 1, 2, 6, 7, 9-12, 14-20, 23 and 24 have already been communicated or reported. 5a, 5b, 7a, 7b, 27, 30 (23), Iˉ (24) and reacted with one equivalent of R-saoH 2 (R = Et (23), Me (24)) and NEt 4 (OH) base in EtOH. Single crystals were obtained upon slow evaporation of these dark green / black solutions. For all 24 compounds the yields vary from minimum of 30% to a maximum of 50%.
Elemental Anal. calcd (found) for dried 3 solvent free: C 47.75 (47.08), H 4.67 (4.26), N 4.64 (4.46). 4: C 48.61 (48.49), H 3.85 (4.03), N 11.02 (10.74). 5: C 46.67 (46.85), H 4.90 (4.33), N 5.10 (4.96). 8: C 48.45 (48.26), H 5.58 (5.04), N 4.84 (5.03). 13: C 45.41 (45.64), H 5.39 (4.87), N 4.89 (4.89). 21: C 50.91 (50.67), H 5.13 (5.09), N 4.45 (4.12). 22: C 44.20 (43.95), H 4.09 (4.02), N 4.55 (4.83) .
Variable temperature, solid-state direct current (dc) and alternating current (ac) magnetic susceptibility data down to 1.8 K were collected on a Quantum Design MPMS-XL SQUID magnetometer equipped with a 7 T dc magnet. Diamagnetic corrections were applied to the observed paramagnetic susceptibilities using Pascal's constants. Magnetic studies below 1.8 K were carried out on single crystals using a micro-SQUID apparatus operating down to 40 mK, 17 and using a magnetometer consisting of a micro-Hall bar.
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Diffraction data were collected at 150 K on a Bruker Smart Apex CCDC diffractometer, equipped with an Oxford Cryosystems LT device, using Mo radiation. 31 See CIF files for full details and a Calculated from dc susceptibility studies.b Calculated from both dc susceptibility and magnetization measurements. The latter were collected in the field and temperature ranges 0-7 T and 2-7 K. In each case the data were fit by a matrixdiagonalization method to a model that assumes only the ground state is populated, includes axial zero-field splitting (DŜ z 2 ), and carries out a full powder average. The corresponding Hamiltonian is H = D(Ŝ z 2 −S(S + 1)/3) +μ B gHŜ where D is the axial anisotropy, μ B is the Bohr magneton, Ŝ z is the easy-axis spin operator, and H is the applied field (see ref. 15) .c Calculated from dc susceptibility measurements.d Calculated from magnetization measurements.e Calculated from dc susceptibility data and/or single-crystal relaxation measurements performed on a micro-SQUID; n.a. = not available.f Calculated from dc susceptibility data and/or single-crystal relaxation measurements performed on a micro-SQUID; n.a. = not available. 
